To investigate the concordance of three international guidelines: the Korean Thyroid Association/Korean Society of Thyroid Radiology, American Thyroid Association, and American College of Radiology for thyroid nodules classified by ultrasonography (US) and the diagnostic performance of simulated size criteria for malignant biopsies. Materials and Methods: A total of 2586 thyroid nodules (≥ 1 cm) were collected from two multicenter study datasets. The classifications of the thyroid nodules were based on three different guidelines according to US categories for malignancy risk, and the concordance rate between the different guidelines was calculated for the classified nodules. In addition, the diagnostic performance of criteria related to four different simulated biopsy sizes was evaluated. Results: The concordance rate of nodules classified as high-or intermediate-suspicion was high (84.1-100%), but lowsuspicion or mildly-suspicious nodules exhibited relatively low concordance (63.8-83.8%) between the three guidelines. The differences in sensitivity, specificity, and accuracy between the guidelines were 0.7-19.8%, 0-40.9%, and 0.1-30.5%, respectively, when the original biopsy criteria were applied. The differences decreased to 0-5.9%, 0-10.9%, and 0.1-8.2%, respectively, when simulated, similar biopsy size criteria were applied. The unnecessary biopsy rate calculated with the original criteria (0-33.8%), decreased with the simulated biopsy size criteria (0-8.7%). Conclusion: We found a high concordance between the three guidelines for high-or intermediate-suspicion nodules, and the diagnostic performance of the biopsy criteria was approximately equivalent for each simulated size criterion. The difference in diagnostic performance between the three guidelines is mostly influenced by the various size thresholds for biopsies.
INTRODUCTION US Examination and Image Analysis
All US examinations were performed using a 10-16 MHz linear probe and various real-time US systems. We analyzed databases from two previously published studies (9, 10) , comparing thyroid guidelines based on two different cohort datasets (13, 14) . Dataset 1 US images were retrospectively assessed by one of three radiologists, each with 12-19 years of experience in thyroid US (9) . Dataset 2 US features were prospectively assessed by one of five radiologists, specializing in thyroid imaging, each with 8-20 years of experience in thyroid US (10) . Several US features, including configuration of solid components in partially cystic nodules and extrusive soft-tissue components in rim calcification, were retrospectively assessed in the two datasets (9, 10) .
US nodule features, such as internal content, echogenicity, margin, calcification, or shape (orientation), were assessed as described in previous studies (9, 10) . In partially cystic nodules, the configuration of solid areas was categorized as concentric or eccentric. In nodules with rim calcification, the presence or absence of an extrusive soft-tissue component was subdivided for analysis using ATA guidelines. The US feature, "extrathyroidal extension (ETE)," included in the ATA and ACR guidelines, was not analyzed due to the absence of standardized US criteria for the diagnosis of ETE. Unclassified nodules according to the ATA guidelines were categorized as intermediate-suspicion nodules, based on previous studies (9, 10, 17) . We simulated four different size criteria (criteria [1] [2] [3] [4] , to compare the diagnostic performance of biopsy criteria, according to similar size thresholds.
Statistical Analysis
Nodules were retrospectively classified according to categories defined by the KTA/KSThR, ATA, and ACR guidelines. The demographic data from the two datasets were compared by using an unpaired t test for numerical data (age and nodule size) and a chi-square test or Fisher's exact test for categorical data (sex, size distribution, proportion of malignant tumors, and histological type). The proportion of classified nodules and histological types of malignant tumors in the two datasets was determined with the chisquare test or Fisher's exact test.
The correlation of classified nodules between the different guidelines was calculated using the Spearman's correlation test. The concordance rate of classified nodules was defined as the concordance rate between the different guidelines in the same risk level categories. McNemar's test was applied to determine the concordance rate of diagnostic performance Radiology (KTA/KSThR) guidelines (4) recommend FNA for similar size thresholds, i.e., high-, intermediate-, and low-suspicion nodules. The American College of Radiology (ACR) guidelines (5) recommend FNA for highly-suspicious nodules ≥ 1 cm and suggest higher FNA size thresholds for moderately-suspicious (≥ 1.5 cm) and mildly-suspicious nodules (≥ 2.5 cm). It does not recommend FNA for nonsuspicious or benign category nodules. Although various international guidelines require different US categorization structures, size thresholds for biopsy, and diagnostic performance of FNA criteria for detection of thyroid malignancy (7) (8) (9) (10) (11) , few studies (12) have investigated factors influencing the diagnostic performance between the guidelines.
Therefore, the purpose of this study was to evaluate the concordance of the three international guidelines for US classified nodules and the diagnostic performance of biopsy size criteria for malignancy using simulated biopsy size thresholds.
MATERIALS AND METHODS
The Institutional Review Boards of participating centers approved this multicenter study. Informed consent was waived for the retrospective study.
Study Population
Patient data were retrospectively collected from two previously published multicenter-study datasets (13, 14) . Dataset 1 included 2000 thyroid nodules (≥ 1 cm) diagnosed with a pathology examination, from 1802 consecutive patients (1387 women and 415 men, mean age 51.2 years, age range 13-79 years). Dataset 2 included 586 thyroid nodules (≥ 1 cm) diagnosed with a pathology examination, from 499 consecutive patients (396 women and 103 men, mean age 50.4 years, age range 10-81 years). The final diagnosis for thyroid nodules in both datasets was determined by surgery, and the final diagnosis for benign nodules was determined by a pathology examination of the surgical results, FNA, or core-needle biopsy (CNB) (15, 16) . Nodules with non-diagnostic or indeterminate biopsy results without surgical confirmation were excluded. We intentionally included two datasets with different patient populations because the distribution of US classified nodules and the diagnostic performance of biopsy criteria might be affected by the proportion and histological type of malignant tumors in a certain population. https://doi.org/10.3348/kjr.2019.0215 kjronline.org for simulated and similar biopsy size criteria, assessed by comparing the sensitivity, specificity, accuracy, and unnecessary biopsy rates between the different guidelines. The unnecessary biopsy rate for the diagnosis of thyroid malignancy was defined as the number of benign nodules among the nodules requiring FNA.
All statistical analyses were performed using SPSS for Windows version 23.0 (IBM Corp., Armonk, NY, USA). The definition for significant differences was p < 0.05. Table 1 presents comparative results between the two datasets. The proportion of malignant tumors was significantly different between dataset 1 (22.7%, 454/2000) and dataset 2 (17.2%, 101/586) (p = 0.005). The proportion of papillary thyroid cancer (PTC) was significantly lower in dataset 1 than in dataset 2 (85.5%, 388/454 vs. 95%, 96/101, respectively, p = 0.009), and the proportion of follicular thyroid cancer (FTC) was higher in dataset 1 than that in dataset 2 (10.6%, 48/454 vs. 5.0%, 5/101, respectively), but without statistical significance (p = 0.082). The size of malignant tumors was not significantly different between the two datasets (p = 0.611); for example, malignant nodules of 1.0 to 1.4 cm were found in 52.9% (240/454) of dataset 1, and 51.5% (52/101) of dataset 2. Table 2 shows the distribution of classified nodules within each dataset. Although the proportion of classified nodules was significantly different between the two datasets (p < 0.001), the proportion of low-suspicion or mildlysuspicious nodules was the highest (32.3-56.0%), followed by intermediate-or moderately-suspicious nodules (24.7-30.7%), in both datasets, with all three guidelines. The proportion of malignant tumors classified by US categories based on each of the three guidelines was significantly different between the two datasets ( Table 3 ). The proportion of low-or very-low-suspicion US pattern malignant tumors based on the KTA/KSThR and ATA guidelines, was significantly higher in dataset 1 than that in dataset 2 (19.4%, 88/454 vs. 6.9%, 7/101, respectively, p = 0.003). The proportion of not-or mildly-suspicious US pattern tumors based on the ACR guidelines was significantly higher in dataset 1 than that in dataset 2 (16.7%, 76/454 vs. 6.9%, 7/101, respectively, p = 0.013) ( Table 3 ). The proportion of FTC in dataset 1 among the malignant tumors with a low-suspicion pattern was significantly higher (23.9%, 21/88) than the proportion with an intermediateor high-suspicion pattern (7.4%, 27/366), (p < 0.001), based on the KTA/KSThR guidelines. kjronline.org
RESULTS

Demographic Data and Comparison of Two Datasets
Concordance of Thyroid Nodule Classified Categories between the KTA/KSThR, ATA, and ACR Guidelines
Classified nodules were highly correlated between the KTA/KSThR and ATA guidelines in datasets 1 and 2 (r = 0.937, r = 0.931, respectively), the KTA/KSThR and ACR guidelines in datasets 1, and 2 (r = 0.889, r = 0.902, respectively), and the ATA and ACR guidelines in datasets 1, and 2 (r = 0.912, r = 0.933, respectively), (all, p < 0.001).
Tables 4 and 5 list the concordance results between the KTA/KSThR, ATA, and ACR guidelines for the different thyroid nodule classification categories. Concordance rates between the KTA/KSThR and ATA, and between the KTA/ KSThR and ACR guidelines for high-or highly-suspicious, and intermediate-or moderately-suspicious categories, were greater than 90% in both datasets. However, concordance rates between the KTA/KSThR and ATA guidelines for the lowand mildly-suspicious categories were relatively low in both datasets 1 and 2 (80.2% vs. 67.6%, respectively), and (68.3% vs. 63.8%, respectively) .
The concordance rate between the ATA and ACR guidelines for high-or highly-suspicious categories was 90.3% in dataset 1 and 84.1% in dataset 2. The intermediateor moderately-suspicious category concordance rates in datasets 1 and 2 were 96.2% vs. 92.4%, respectively, and the low or mildly-suspicious category rates in datasets 1 and 2 were 79.5% vs. 83.8%, respectively.
Diagnostic Performance of Biopsy Criteria according to Simulated Size Thresholds
Tables 6 and 7 present the diagnostic performance data of biopsy criteria for malignancy, based on the application of four different size criteria, in the two datasets. When the diagnostic performance using the original biopsy size criteria was compared between the three guidelines, the sensitivity between the KTA/KSThR and ATA guidelines was similar in both datasets, (dataset 1, 94.5% vs. 93.8%; dataset 2, 100%, vs. 99.0%, respectively); however, the sensitivity of the ACR guidelines in both datasets was significantly lower than that of the KTA/KSThR or ATA guidelines, (dataset 1, 74.7%; dataset 2, 80.2%; all, p < 0.001). When biopsy size criteria 1 or 2 were applied, there was no significant difference in sensitivity in both datasets between the three guidelines (p ≥ 0.250). However, when kjronline.org biopsy size criteria 3 or 4 were applied, the ATA guidelines provided a slightly higher sensitivity than that of the KTA/ KSThR and ACR guidelines (p = 0.004, p ≥ 0.019, respectively) in dataset 1, and a higher sensitivity than that of the ACR guidelines (p = 0.031) in dataset 2. The difference in sensitivity between the KTA/KSThR and ATA guidelines was 0.7-1.0% with the original biopsy size criteria, and 0-2.0% with the simulated, similar biopsy size criteria. Although the difference in sensitivity between the ACR and KTA/KSThR, or ATA guidelines was 18.8-19.8% with the original biopsy size criteria, the difference in sensitivity was decreased to 0-5.9% when the simulated, similar biopsy size criteria were applied.
The estimated specificity with the original biopsy size criteria was similar between the KTA/KSThR and ATA guidelines (dataset 1, 26.4% vs. 27.9%; dataset 2, 28.0%, vs. 28.0%, respectively); however, the specificity of the ACR guidelines was significantly higher than that of the KTA/KSThR or ATA guidelines in both datasets (dataset 1, 37.7%; dataset 2, 37.1%; all, p < 0.001). Specificity was significantly different between the three guidelines in dataset 1 when the four different criteria were applied (p ≤ 0.008). In dataset 2, the biopsy size criteria 1 or 2 provided significantly different specificity between the KTA/KSThR or ATA and ACR guidelines (p ≤ 0.007), while there was kjronline.org no significant difference between the KTA/KSThR and ATA guidelines (p ≥ 0.184). When the biopsy size criteria 3 or 4 were applied, there was a significant difference in specificity between the three guidelines, except for the specificity between the KTA/KSThR and ACR guidelines, when the biopsy size criterion 4 was applied (p = 0.193). The difference in specificity between the KTA/KSThR and ATA guidelines was 0-1.5% with the original biopsy size criteria, and 0-4.5% with the simulated, similar biopsy size criteria. Although the difference in specificity between the ACR and KTA/KSThR, or ATA guidelines was 39.4-40.9% in dataset 1, and 40.9% in dataset 2 with the original biopsy criteria, the difference in specificity was decreased with the four simulated biopsy criteria to 3.6-10.9% in dataset 1, and 2.5-10.5% in dataset 2.
Unnecessary Biopsy Rate
The estimated unnecessary FNA rate with the original biopsy size criteria was similar between the KTA/KSThR and ATA guidelines in both datasets (dataset 1, 56.9% vs. 55.7%; dataset 2, 59.6%, vs. 59.6%, respectively). However, the unnecessary FNA rate based on the ACR guidelines was significantly lower than the KTA/KSThR or ATA guidelines, in both datasets (dataset 1, 25.3%; dataset 2, 25.8%; all, p < 0.001) ( Tables 6, 7) .
When the original biopsy criteria were applied, the difference in unnecessary FNA rates between the ACR and KTA/KSThR or ATA guidelines was 30.4-31.6 % in dataset 1, and 33.8% in dataset 2; while the difference between the KTA/KSThR and ATA guidelines was 0-1.2% in both datasets. However, when the simulated FNA size criteria were applied, the difference in unnecessary FNA rate between the ACR and KTA/KSThR or ATA guidelines decreased to 2.0-8.7%. The difference between the KTA/KSThR and ATA guidelines was 0-3.8% in both datasets with the four simulated biopsy criteria. Compared to the KTA/KSThR guidelines, the ACR guidelines resulted in significantly lower unnecessary FNA rates (p ≤ 0.008), with all size criteria for both datasets, except for the simulated biopsy criterion 4 in dataset 2 (p = 0.193).
DISCUSSION
Our study results demonstrated high concordance rates (84.1-100%) for nodules of intermediate-or moderatesuspicion, and high-or highly-suspicious categories, between the three guidelines, while the concordance rates for other categories were relatively low and variable. This study also demonstrated that the diagnostic performance of biopsy criteria was similar between the three guidelines at each simulated, similar biopsy size criterion. Additionally, the diagnostic performance resulted in a less than 6% difference in sensitivity and 9% difference in unnecessary FNA rate, in both datasets with different study populations. kjronline.org
These results differ from those of several previous studies reporting higher sensitivity and higher unnecessary FNA rates associated with the KTA/KSThR and ATA guidelines, compared to the ACR guidelines (8) (9) (10) . The discrepancy in these results suggests that the difference in diagnostic performance between the three guidelines mostly depends on the biopsy size criteria, rather than on a difference in the US categorization system for thyroid nodules. Furthermore, the results from the present study were consistent across both datasets, even though they had significantly different malignancy rates and distribution of malignant tumor histological types. These results suggest that the impact of biopsy size thresholds on the diagnostic performance of nodule detection may be applied to different study populations. Simulated data calculated with similar biopsy size criteria showed that the ACR guidelines resulted in a slightly lower unnecessary FNA rate than the KTA/KSThR and ATA guidelines. This may be explained by the differences between the guidelines in the US categorization system and biopsy indication. The not-suspicious category based on the ACR guidelines included 23.2-26.3% of the lowsuspicion nodules based on the KTA/KSThR guidelines, and 65.4-67.8% of the very-low-, and 2.0-10.3% of the lowsuspicion nodules based on the ATA guidelines. The vastly different categorization system in the ACR guidelines led to a lower chance of biopsy for benign nodules, compared to the KTA/KSThR and ATA guidelines.
Regardless of the guidelines, the calculated sensitivity of biopsy criteria was lower in dataset 1 than in dataset 2. This outcome is due to a higher proportion of malignant tumors demonstrating low-risk US patterns in dataset 1, compared to dataset 2, and may be related to the difference in the proportion of PTC and FTC between the two datasets. Since the majority of PTC display high-or intermediate-suspicion US patterns (18) , while most FTC display intermediate-or low-suspicion US patterns (18, 19) , a higher proportion of malignant tumors may be designated to undergo FNA at smaller size thresholds in study populations with a higher proportion of PTC. Therefore, the calculated sensitivity would be affected by a subset of histological types among the malignant tumors in the study population. Another factor influencing the calculated sensitivity could be the size distribution of nodules in the study population. The calculated sensitivity of FNA criteria may be overestimated if the proportion of smaller malignant tumors is relatively low in the study population, or when higher FNA size criteria are applied in clinical practice to study populations. In our study population, most thyroid nodules ≥ 1 cm, except for nodules with benign US patterns, had undergone FNA during the study period. This could minimize the selection bias of the target population with thyroid nodules ≥ 1 cm.
The ACR guidelines adopt a strategy of higher biopsy size threshold and US monitoring for thyroid nodules. This could markedly reduce the unnecessary biopsy rate during the initial evaluation of thyroid nodules (8) . Although the sensitivity of this combined approach (biopsy and US monitoring) for malignancy may be sufficiently high (more than 90%), the efficacy of US monitoring for relatively small nodules (1-1.5 or 2.5 cm) may need to be prospectively investigated. It is still uncertain whether growing primary thyroid cancer always precedes nodal (rarely distant) metastasis, or whether US monitoring of tumor growth can effectively prevent the potential risk of increased morbidity related to nodal metastasis or clinically significant local invasion, since small aggressive papillary thyroid microcarcinoma may show gross ETE and macroscopic nodal metastasis in rare cases. According to a recent report from Japan (20) , most novel lymph node metastases (11 of 12 patients) were detected during active surveillance, without detection of primary tumor growth. Although the incidence is rare, other concerns include the potential risk of a more aggressive, high-grade malignancy, and possible anaplastic transformation of welldifferentiated thyroid cancer (21) . The appropriate size criteria for biopsies remain controversial. The ultimate goal of a diagnostic strategy for thyroid nodules is to provide an individualized benefit to patients based on benefit and risk balance, as well as a reduction in the number of unnecessary biopsies. Since it is difficult to simultaneously achieve high-sensitivity and low unnecessary FNA, guidelines should appropriately balance the two for detection of thyroid malignancies.
Our study had several limitations. First, we only included thyroid nodules that had undergone US-guided FNA or CNB; therefore, selection bias might be unavoidable. Second, ETE was not evaluated in this study, which might affect the diagnostic performance of the ATA and ACR guidelines. Third, the estimated diagnostic performance of the ATA guidelines in our study is slightly different from that reported by previous studies (8) (9) (10) (11) . This is because we categorized unclassified nodules based on the ATA guidelines as intermediate-suspicion nodules, to assess diagnostic performance in real practice. Fourth, we were unable to provide interobserver agreement of US classified https://doi.org/10.3348/kjr.2019.0215 kjronline.org nodules in the current study, because we analyzed a previously published database containing two datasets (10, 11) . Last, the reference standard for benign diagnosis was FNA cytology or CNB biopsy, as well as surgery, which may inevitably lead to false-negative results.
In conclusion, regardless of the guidelines, the concordance rate of high-or intermediate-suspicion nodules was high, and the diagnostic performance of biopsy size criteria was similar at each simulated, similar biopsy size criterion. The difference between the three guidelines in the diagnostic performance of biopsy criteria for malignancy is mainly influenced by different size thresholds for biopsies, and partly by different US categorization systems for thyroid nodules.
